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Description 

TECHNICAL FIELD OF THE INVENTION 



This invention relates in general to the field of semiconductors and more particularly to an improved method for sil- 
icon CDcide etching which uses anhydrous hydrogen fluori de gas, hydr o gen chloride ga s, ozo ne, or mixfc ir^tfLecegfco^ 
tacted with liquid water as a rinse for trace oxri erefnovajr ]; 



BACKGROUND OF THE INVENTION 



Silicon wafers may be used for the production of semiconductors. A silicon wQfefnrajrbe oxkJizeitoJbm^ 
dioxide (c) layer onjfoe silicon waferrTfienrall o^selectiye portions of the^i^ r^noved^ etching to expose 

the sfficorfwafer tfierebelow. The etching of theSi02 may be accorrplished by a variety of processes including those 
which indude immersion in an aqueous hydrogen fluoride (HF) ackJ solution and contacting a wafer with a nixed anhy- 
75 drous HF gas and water vapor ^chant. 

Following etching, the manufacturing of the semiconductor is completed by additional processes including proc- 
esses which add a layer(s) to.the etchedsOicQn wafer, such as thin filmdepgsitio^^ Interfadal codde 
or other contaminants remair»ingorrtfie©q30sed silicon portion of the wafer is detrimental to the subsequOTft,thin:fimr=> 
deposition a growth process and reduces the quality of the senriiconductor 
20 Maintaining a dean ambierrt environment during the manufacturing cf semiconductors is of utnrx>st importance in 
maintaining the overall quality of theiinished^eroduct: Problems, induding the siiJsequenUoriTiatk^^ 
etched siliron surface and ^gontaminati on of the ^ er, are erxxxjntered when the wafer is moved from one piece of 
nlSnufacCriln^ processing steps, as this may expose the wafer to air or other 
contaminants. 

25 Following etching, it is often desired to rinse the ggted wa f er to rerrxyve the_etch ant.arKjJ?yjprpdA^.ot^ ^ 
ncocess^Known etrfiA^^iprocesses inrfiirfelfip" fnmersion.af..the-wafer into a HF add solution as an etch ste p. Jol:,, 
lowed t)y immersionHi^Seras.a.ririse. These invnersion steps necessitate the rrxving oLttiew«1terf^ 
processing a^aiatus to a separate processing apparatus, which introduces the poss toilrty of subsequent ox ide forrna^-^-- 
tion or other contamination of the^etched siJiODn-Surfa^ 

30 ' U.& Patent No. 5,1 69.408 to Biggerstaff, et al. discloses a wafer processing apparatus having an etcNng chamber 
which provides for a rinsing phase in which deionized water is directedj^to^bte^ipper^ 

ever, an extended water rinse may cause oxidat'on at a si1ic5n.s*jrface.due.to,.s»ier^^^ inducing the deionized 
water hjam^y dissofv^ ^Yoen therein, the watg Ljhus^acting.to.cause^gda^^ silicon surf ace, and the water 
wash may move susBer^_9jioc>n pxW^ silicpn^surface. Thus, an extended water rinse is no* desired 

35 as it may subsequeifTt to the etching process, on^the etched sijiopn surface With this discussed 

process, lor a suitdWe oxide free etched silicon surface, it is required that an olhenwse undesired final oxide removal 
process, such as arK>th«LetdLproc^,.bep^^ 



SUMMARY OF THE INVENTION 



Accordingly, a need has arisen for a silicon oxide etching process which provides for renxTving trace oodde from the 
etched silicon surface. Additiorially, a need has arisen for a semiconductor manufacturing technique which allows the 
etching, rinse and subsequent processing steps to be completed in connected processing chambers to avoid moving 
the wafer from one piece of processing equ^ent to another which may result in subsequent oxide formation on the 
45 etched silicon si^ce or other contamination of the etched silicon surface. Further, a need has arisen for a deaner 
etched silicon surface to provide improved suteequent processing steps, improved production rates, and higher quality 
serrvconductors. 

In accordance with the present invention, a method fprjernovingjra^^ a silicon wafer is 

provided that significantly reduces the amount of oxide and other contarrwnants ori the surface ofajilic^ 
50 pared with known methods. The present invention provides a semico nductor manufacturing technique which allows the 
etching, rinse and subsequent processing steps, induding thin film deposition or grgwtti processes, to be completed in 
connected or duslered processing modules or chambers to erisure a dean anrbient.en\5ro^ is nfiairi^ineT The 
removing of trace oxide and other contaminants from the etched silicon surface provides for irmproved siibsequent 
processing steps, improved production rates, and higher quality semiconductors. 
55 The method indi ces ^tching a silicon wafer with a nriixtoejrf^hydrogen fluoride gas and water vapoL The etched 
wafer is spun and rinsed bv^rri uctinq a stream of deionized liquid^tq^^o the sp inningjarafer andg^gtlPEH^ 
water vnth a gas sele3ed> Qm!anhy!^ ^ ride*! 
sudrSTatSTTeas^^ 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A more corrplete understanding of the present invention and the advantages associated therewith may be acquired 
by referring to the accompanying drawing wherein: 

FK3URE 1 is a sirrplified cross-sectional diagram of a duster tod compattole module surtaWe tor corxiucting the 
inventive method. 

DETAILED DESCRIPTION OF THE INVENTION 

In semiconductor manufacturing, various methods are knwn to etch or othenwise remove silicon oxide arx) other 
contaminants from the surface of a silicon wafer. It is desired to provide an etched silicon surface which is free of oxide 
and other unwanted contaminants. The present invention provides a method for silicon oxide etching which uses a gas 
selected from anhydrous hydrogen fluoride (HF), hydrogen chloride (HCQ. ozone, and mixtures thereof, contacted with 
liquid water as^A-nngg to complete the etching processandprwid^ * 
r^jc^level^cloxides and-other-conlanm^ This dearier etched silicon surface provides for improved subsequent 
processing steps, including a lower temperature epHaxial silicon growth step; and a higher quality semioorxluctor. ^ 

The terms "sultonaodelaDdl^^ as used herein, re fer to oxidation which occurs in any way, inten- 

ti onally or uninterTti^^^ Tmdudr^^ i.e.. h^^^^^ew«^jrr^.pcesence.of-oxygen, chiemical oxida- 

fenTie.. oxidation3Sumr5[eg^ 

The pr^^rT invention includes an anhydrous HF gas and water vapor etch process, the etching process being 
conpleted by a rinsing stj g_which indud^ conducting a stream of deionized liquid water onto a spinning wafer with^ 
anhy drous HF HCI gas. oziH>e,.QLno«x!ut^ JhereofJk^^ and contacting the water, siich that the water 

stream absoft>s some of the gas thus becomi ng an add solution. This add solution contacting a horizontaJly spinnmg^ 
etched silicon surfa(^7em5v^lac^ ancTother contarninants present at the etched silicon surface tocomplete 
the etching process. This provides a d eaney etc hed silicon surface, free of oxides and other contaminants, as com- 
pared with me krwwn processes for etdiingr~~ ~ ~ 

Also, the present inventive method is particularly applicable for use in duster tool semiconductor manufacturing 
equipment A cluster tool apparatus generally indudes a robotic handler located on a platform, with various nKxkiles or 
chant>ers connected to the platform. The duster tod equipment is designed for processing singfe silicon wafers and 
does not use a wafer carrier in the processing mockjies. The robotic handler transfers the single silicon wafers between 
the various modules, with the modules being designed to perfonn certain processes upon the silicon wafer. The plat- 
form has a vacuum loadlock with a nitrogen {N2) purge, arxl the modules are connected and sealed to the platform in 
a way which maintains the dean ambient environment of the equipment. Thus, the silicon wafer can be transferred from 
one processing step to another within the duster tool equipment without sti)jecting the wafer to air, induding dean 
room air, or other environments which coukJ cause oxidation of the silicon surface or introduce other contaminants onto 
the silicon surface. One such duster tod equipment supplier is FSI International, Inc. (Chaska. Minn.) which marf^ a 
duster tool apparatus under the trade name EXCAUBUR. 

The present inventive method, by providing a deaner etched silicon surface, also provides for improved subsequent 
processing steps, and in particular, a lower temperature epitaxial silicon growth process which provides for a faster and 
lower cost semiconductor manufacture. 

FIGURE 1 is a sinplif ied cross-sectional diagram of a duster tool COTnpatWe module 1 0 suitable for corxJucting the 
inventive method. The module 10 indudes a deionized water input port^,/an anhydrous HF gas input port 12. and a 
water removal port 13. The nxxJule 10 indudes a chuck 14 wNch spins as indicated and is suitable for holding a silicon 
wafer 15. The module 10 further indudes a distributor 16, such as a membrane, located above the silicon v»«fer 15, to 
evenly distribute the anhydrous HF gas within the lower section of the rrxxlule 10. 

In operation, a silicon wafer 15 is placed upon chuck 14 within module 10 and an anhydrous HF gas is introduced 
through port 12 with introduc ed water v 9por-(waterj>Qpor.port hot-shown). arxJ the wafer 15 is^ched in a w ay as is 
laiown to those of skill in the art. To complete the etching process, a deionized>liaui d water rinse strea mJsJntroduced- 
through vraterjs^iajB^l I a^xJ diverted to the tpper sur^e o f wafa^ 15. Sinuiltaneousl y. a gas selected-fromithe 
group of anhydrous HFgas,iHCtgas.jozone.and^^ isjntroAjcei^ 

HF gas is used. Some of the gas is^lfeortS^into the^eioriged water, forming ah acjd^§eiatk>n. This acid sdution 
servS tcTcorrplete the etching process^and r moves trace Q xkfeJacSTotlier^c^^ sur- 
face of silicon wateMS. This process also rinses the oxides and ot her contangn antS-away-f rom.th ip per surface .of.sil' 
icon wafer 15. 

This rinse step may be controlled to meet the d^ir ed^results by ad jigtirtgjhe.rinse-time, the ^jh rat jmd/or th 
wateUloi^jate. Also, riifrogen rnay be added with the gas as a way of controllinathe^gas corwcentraBon. Further, 
depencSng upon the desired T^iBtsriTTOy be advantageous to close the anhydrous^F^gas port/l2 prior to stopping 
the deionized liquid water fkw. This may be advantageously done to sweep away the HF acid solution to quicWy stop 
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th etching process. For example, where a layer of thermal axide has been intentionally formed and a mask is used in 
the etching process, rt may be helpful to quickly stop the etching process so that oxkJe will rxrt be removed from those 
places where rt is desired to remain. However, any water rinse without anhydrous HF gas being present should be kept 
as txief as possible to prevent undesired oxidation at the etched silicon surface. 

An exterxJed water rinse,rna v^caus e,oxid ation at a silicon.suface due to several factors, including the^dekxiized 
wat^Jjaying,digplved,^(X9^therein the water thus acting to cause oxidation of the^silicon^surface, and the ^Naier 
wash may move susp ended silicon^xideLonto etched.silicon surface. Thus, an extended water rinse is not desired 
as it may, fonm additional oxide, sibsequent to the etching process, on the etched silicon surface. 

The following'operating parameters have provided a suitably dean etchedjil^^ 
cc/min directed at the u pper and lower surfaces of silicon wafer 15; an anhydrous HE-gasjlgwrate d[500stand. cc^n 
(uppefX 240 stand, cc/min (lower); the rinse step occurring for lO ^seconds with the gnhydrous HF beirig supplied 
for the first 6 ^conds with the anhydrous HF gas input port 12 shut off for the lagjise(x»nds. *Dual side* processing, 
i.e., deanirig both the upper and lowef^urfa^rmay bend^re^^ tfieJowS; surface may detract from 

the semiconductor's quality due to inpurities whidimay^^^ the semiopndix:tor or cause corrtanii- 

nation (kinng ^^equerrt processing steps. Other experiments have found that the anhydrous HF gi^^houM fkw for 
the entire rinse processing step. ^ 

Upon conpletionlTf the rir^ processing step, the chuck 14 arxf silicon wafer 1 5 are allowed to continue spinning. 
Since the silicon wafer 15 has a hydrophobic surface, the centrifugaJ force of the spinning wafer 15 serves to spin off 
the HF add solution from the upper surface and sides of the silicon wafer 15. This HF add solution is removed through 
exit port 13. Nitrogen may be added to further dry the silkxxi wafer 15. After the drying step is corrplete. the duster tod 
robotic handler transfers the silicon wafer 15 to another nrxxlule for subsequent processing steps. 

After the etcNng step is complete, i.e., the silicon wafer 15 is etched, rinsed, and dried, subsequent processirtg 
steps, induding polysilicon addition, silicon nitride addition, epitaxial silicon growth, metal film deposition, silicon oxkla- 
tion and/or oxkie f im deposition, may be performed to complete the semicorxfuctor mamifacture 

With known etching processes which leave more oxide aixi other contaminants, such as carbon and fluorine, at the 
etched silicon surface than the present inventive niethod. for epitaxial silkx)n growth, the previously Known processes 
were required to renrxive the additional undesired oxide prior to the epitaxial silicon growth. For epitaxial silicon growth 
with prior etching methods, the silicon wafer was pre-baked in a hydrogen containing atrTK>sphere, such ttiat the hydro- 
gen would react with the oxide at the etched silicon surface to remove the oodde. The pre-bake tOT|3 gature required to ^ 
re(ji^3!fficientfr prkx tojttie^epitaxia l silkxxi growth process was s i gnif icant! y_abCTve^the,required decpnv 

position tenperature for epitawal'^'licpiri^grow^as^ below. The pre^bake process for trace oxide removal is - 

time and terrperature dependait^w^ 

ing a longer p^iod. It had beenfound that a pre-t)ake which rrairrSn^^lerTperature d aboutSj^l^ for about 5 mih 
utes or a temperi^re^gf about 1200*C for atxxit lO^sei^nc^ provided a suitably d^ahj etdhed silk x)rrsurface fbr^ 
epitaMalsilicon grwirth. 

Epitaxial silicon growth generally involves the thermal decomposition of a silkx)n source gas. typk:ally in a hydrogen 
arTt)ient, such that a layer of silkxxi from the source gas grows on the wafer. It is desired that the silkxxi be deposited 
in perfect aligrment with the underlying wafer, i.e.. that the deposited silkxxi have the same structure and crystal orien- 
tatkxi as the underlying wafer. The presence of oxkie or other irrpurrties prevents the desired perfect alignment, Cciusing 
local defects in the crystalline structure whk:h are perpetuated throughout the epitaxial silicon film, resulting in stacking 
faults or diskxations. The pre-bake step was required with prkx etching methods to remove trace oxkJe and other con- 
taminants to prevent tfiese defects. It has been determined that an undetectat)ie level of oxkles measured at the etched 
silkxxi surface t^y secorxJary ion mass spectroscopy (SIMS) provides a suitably dean etched silicon surface for epitaxial 
silicon growth. 

The silicon source gas may be any suitatile gas. induding distlane (Si2He) silane {SiH^, dichkxosilane (SiH2 Cy 
trk:hlorosilane )SiHCl3) and silicon tetrachlorine (SiG4)(gases listed in order of inaeasing deconposition temperature 
with disitane having a decorrpositkxi terrperature of atx)ut 850^0. 

With the present inventive method's deaner etched silicon surface, the epitaxial silicon growth process may occur 
at a tenperature as determined by the decorrpositkxi of the silkxxi source gas. arxl the high temperature hydrogen pre- 
bake is not required to remove the undesired oxkle. This lower tenperature signifrcantly reduces the time required kx 
the epitaxial silkxxi growth process, and thus, significantly increases semkxxiductor productkxi rates. 

Additionally, the inventive process, by negating the n ed for the pre^ke process, allows the semkx)nductor fea- 
tures to be smaller and/or closer together. In semiconductor manufacturing, a thermal twdget. i.e.. a time-temperature 
relatk>nship. is set to ensure that doping present does not diffuse from its desired location(s) to an undesired locatkxi(s). 
Thus, eliminating the time and temperature of th pre-bake provides for less cfiffusion which altows for smaller and/or 
closer spaced features. The inventive process, by liminating the pre-bake, provides a desired sharp transition k>etween 
features produced on a wafer. 
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EXAMPLE 1 

An experiment was conducted to determine the level of silicon oxide removal at an etched silicon surface oonpar- 
ing the method of the present invention with known methods. 



Silicon Surface* 


Percent Oxvoen at Avq. 


Description 


S.D. 


Inrwnersion in an HP solution as the etching step; imniersion in water as a rinse; N2 dry. 


2.7% 
O.S% 


Anhydrous HF gas and M2O vapor etch; water rinse while spinning; spin dry. 


6.5% 
0.6% 


Inventive process - HF gas and H2O vapor etch; liquid water contacted with anhydrous 
HF gas rinse while spinning; spin dry. 


1.4% 
0.6% 



' As determined via X-ray photoelectron spectroscopy (XPS). 



EXAMPLE 2 

An experiment was corxiucted to d^erniir>e the effect of clustered versus rxxi-clustered manufacturing techniques 
upon the oxygen present at a polysilicon/silicon interface. 



Desaiption 


Oxygen at PotysilioprVSili- 
con Interface* 




austered 


Atoms/cm^ 


HF gas and H20 v^r etch; liquid water rinse vtrNle spinning; spin dry; pdysilicon 
deposition. 


Yes 


1.85E+14 


HF gas and H20 vapor etch; liquid water contacted with anhydrous HF gas rinse while 
spinning; short H20 liquid rinse while spinning; spin dry; polysilicon deposition. 


Yes 


8.70E+13 


HF aqueous solution immersion etch; immersion water rinse; nitrogen dry; polysilicon 
deposition. 


Ho 


1.28E+14 



* As determined via secorxlary ion mass spectroscopy (SIMS). 



As can be seen, the metfxxj of the present invention utilizing clustered equipment provides the lowest level of oxy- 
gen at the polysilicon/silicon interface. 

EXAMPLES 

An experiment was corxiucted to deterrrBne the level of oxygen arxJ other elements present at the interface of an 
epitaxial layer of silicon grown on a silicon substrate prepared by the methods shown. The analysis was conducted 
through the grown silicon epHaxy layer by a technique krxjwn by fhose with skill in the art as secorxfary ion mass spec- 
troscopy (SIMS). Contaminants, if not removed, reside at the interface between the epitaxial silicon layer and the silicon 
substrate, and can be quantitatively characterized. 
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Description 


Oxygen Atoms/cm^ 


CartX)n Atoms/cm^ 


Ruorine Atoms/cm^ 


Hp 3Qu60uS SOILiUUfl clWl, iimiidoiwii waitn 

rinse; nitrogen spin dry; epitaxial growth of 
silicon/ 

HF gas and H20 vapor etch; liquid water 
cofTtect^wjtiTaDhydiS!:^^ 
spinning; spin,diy;_ggftaxiai growth of sili- 
con/ 


5.0E+13 
rOoPeak 


1.6E+12 
No Peak 


2.6E+10 
No Peak 



' No pre-b^; thermal decomposition of dichlorosilane at 



The present inventive method has signif icant advantages over the prior art. Since the present method may be uti- 
lized in a duster tool apparatus which improves ambient environmental control between processes, it prevents contam- 
ination via air» oxygen, water vapor or other contan^nants which could cause oxide or contamination at the etched 
silicon surbce. Also, since the spinning wafer 1 5 spins off the HF acid solution within the nrxxJule, this improves operator 
safety by avoiding ttie risk that HF immersion processes pose to operator safety when used vwthout a final water rirse. 
Further, the present inventive nriethod is nriore effective than known HF gas and water vapor etch process 
trace codde from the etched silkx>n surface prior to thin film depositk)n or growth processes. Still further, the improved 
removal of oxide and surface contaminants from the etched silkxxi surface altows a reductk)n in the silkxxi epitaxial 
growth terrperature which results in improved semiconductor productkxi rates. Additionally, elimination of residual 
oxide from the surface of a conducting fim or substrate towers the contact resistance between such a conducting fayer 
and a conducting film subsequently deposited (on top 0* rt). 

Although the present invention has been described in detail, it should be understood that various changes, altera- 
tions, and substitutions may be made to the teachings herein without departing from the spirit and scope of the present 
irvention. 

aaims 

1. A method of producing a semiconductor devrce from a silicon wafer having silicon oxide, comprising: 

selectively removing at least a portion of the silicon oxide with HF gas and H2O vapor etching; and 

(rinsing tfie etched wafer by conducting a stream of dekxiized water onto the wafer and contacting the dekxiized 
water with a gas selected from the group comprising anhydrous HF gas, HCI gas, ozone, and mixtures thereof 
to absorb at least some of the gas into the deionized water. 

2. The method of Oaim 1 . wheren the rinsing step conrprises conducting the stream of water onto a spinning wafer. ^ 

3. The method of Oaim 2. wherein the step of spinning the wafer comprises spinning the wafer in a horizontal plane. 

4. The rrothod cf any preceding daim, further cx>rTTprising the ste^ 

following rinsing, continuing spinning the wafer to remove, by centrifugal force, at least some of the water with 
absort>ed gas. 

5. Themethodofany preceding daim, further comprising the step of: 

contacting the rinsed etched wafer with nitrog n gas to dry the wafer. ^ 

6. The method of any preceding daim, further comprising the step of: 

further processing the rinsed etched wafer by a process selected from the group comprising polysilicon addi- 
tiori, silicon nitride addition, epitaxial silicon growth, metal film deposition, silicon oxidation and oxide film dep- 
osition. 

7. The method of any preceding daim. further comprising the steps of : 
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contacting ttie rinsed etched wafer with a silicon source gas; and 

heating the silicon source gas to a tenperalure of not mor than about the thermal decomposition temperature 
^ of the source gas to cause epitaxial silicon growth on the wafer. 

5 8. The method of any preceding daim. further comprising performing the steps of HF gas and H2O vapa etching and 
rinsing within a cluster tool compaltole module, and 

transfening the rinsed etched wafer to at least one additional cluster tool cxxnpatible nxjdule for further 
processing, the cluster tool providing a dean ambient environment for the wafer during the transferring step. 

10 sr^The method of any preceding claim, further comprising performing the rinsing step with an anhydrous HF gas. 

10. A semiconductor produced by a process comprising: 

selectively removing at least a portion of silicon oxide from a silicon wafer with HF gas and H2O vapor etching; 
15 \ and 

^^rinsing the etched wafer by conducting a stream of deionized water onto the wafer and contacting the dek>nized 
water with a gas selected from the g-oup comprising anhydrous HF gas, HCI gas, ozone, and mixtures thereof 
to at)sort at least some of the gas into the deionized water. 

20 1 1 - The semiconductor of Claim 1 0. wherein the rinsing step comprises conducting the stream of water onto a spinning 
wafer. 

1 2- The semiconductor of Claim 1 1 . wherein the step of spinning the wafer comprises spinning the wafer in a horizontal 
plane. 

13. The semiconductor of any of Claim 10 to 12, wherein the process further comprises the step of: 

following rinsing, spinning the wafer to renwe, t>y cerrtrifugal force, at least some of the water with abGort)ed 
gas. 

^ 14. The semiconductor of any of Claims 10 to 13. wherein the process further comprises the step of: 
contacting the rinsed etched wafer ^i nitrogerLgasjodry the wafer. 

15. The semiconductor of any of Claims 10 to 14, wfierein the process further comprises the step of: 

further processing the rinsed etched wafer by a process selected from the group comprising polysilicon addi- 
tion, silicon nitride addition, epitaxial silicon ^owth, metal film deposition, silicon oxidation, and oxide film dep- 
osition. 

16. The semiconductor of any of Claims 10 to 15, wherein the process further comprises the steps of: 
contacting the rinsed etched waf^ with a silicon source gas; and 

heating the silicon source gas to a tenrperature of rKrt more than atout the thermal decomposition temperature 
of the source gas to cause epitaxiai silicon growth on the wafer. 

17. The semiconductor of any of Claims 10 to 16. further comprising performing the steps of HF gas and H2O vapor 
etching and rinsing within a duster tool compatible module, arxJ 

transferring the rirised etched wafer to at least one additional duster tool compatible module for further 
processing, the duster tool providing a dean ambierrt environment for the wafer during the transferring step. 

18. The semiconductor of any of Claim 10. furth r comprising performing the rinsing step with an anhydrous HF gas. 

19. A method of produdng a semiconductor from a silicon wafer having silicon oxide on an exterior surface thereof, 
comprising the steps of: 

etching the silicon wafer with a mixture conrprising HF gas and H2O vapor to produce an etched silicon surface; 
and 

spinning the wafer; and 
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^i^emcving trace oxide from the etched silicon surface conducting a stream of dekxiized water onto the spin- 
//K- ning wafer and contacting the deionized water with anhydrous HF gas to absorb at least some of the HF gas 
iy^J into the deionized water. 

20. Ih method of Claim 1 9, further comprising removing the trace oxid to an undetectable level as measured by sec- 
ondary ion mass spectroscopy. 

21 . The method of Claim 19 or Claim 20. further comprising the steps of: 

contacting the etched wafer with a silicon source gas; and 

heating the silicon source gas to a temperature of not more than about the thermal decomposition temperature 
of the source gas to cause epitaxial silicon gfOH\h on the wafer. 

22. The method of any of Qaims 19 to 21 . further comprising performing the etching and renrwving trace oxide steps 
are conducted within a duster tool compatible module, and 

transfen^ing the etched silicon wafer after removing trace oxide to at least one additional duster tool compat- 
ible module for further processing, the duster tool providing a dean ambient environment for the wafer during the 
transferring step. 
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